Average stress during shear bond testing, and deformation behaviour during nano-indentation testing were calculated for the bonding area as a bonding site for copolymerization with resin composite in dentine bonding systems. First, average stress was calculated in the bonding area between bovine dentine and composite resin. Secondly, the plastic deformation zone size was calculated using an elastic/plastic deformation zone model after a nano-indentation test. The result clearly showed that average stress depended upon the elasticity of the bonding area, the elasticity value ratio of the composite resin-to-bonding area, and interfacial stress between the dentine and the adhesive resin. In this bonding area, the elasticity/hardness ratio changed depending on the thickness of the bonding area as well as the plastic deformation zone size (b), expressed as a (b/2a)-value (indented triangular length (2a) at nano-indentation test) expanded with increasing the elasticity value.
INTRODUCTION
In previous studies, bonding between dentine and restorative composite resin was evaluated in terms of adhesive bond strength value1-6), and variation in bond strength values was explained by the hypothesis that failure was due to cohesive fracture of dentine because the bond between adhesive resin and the dentine exceeded the cohesive strength of the dentine itself. Bond strength varied with dentine depth (superficial, intermediate, and deep dentine)6). Nakabayashi et al.7, 8) reported that the 4-META/MMA-TBB system formed tenacious bonds to enamel or dentine, and a hybrid layer mechanism was proposed as the cause of dentine adhesion.
Bond strength increased dramatically when true hybridization occurred because of a resin-impregnated zone8). An interdiffusion zone between dentine and composite resin was examined morphologically9). After etching and priming with different dentine bonding systems, the bonding site for copolymerization with the resin composite is considered the bonding area.
The bonding area has been represented schematically in terms of its morphological aspects in dentine bonding systems2, 8, 9) . Analytical models are thus needed to calculate average stress and nano-indentation behaviours of the bonding area on the hybrid layer, as we indicated schematically in an earlier report10). Conditioning with an acidic agent demineralized the dentine surface to a certain depth and left behind a collagenrich mesh-work11).
Bonding monomers altered, as predicted, the collagen-fibre arrangement in a way that facilitated the penetration of an adhesive bonding monomer. Nakabayashi et al.8) and Van Meerbeek et al.9) found an adhesive resin layer (bonding area) in the resinimpregnated layer (hybrid layer). The studies on stress distribution in the dentine bonding area showed the following results. Van Noort et al. 12 ), using finite element stress analysis, found that nonuniform stress acted upon the bonded interface using finite element stress analysis.
Wakasa and Yamaki reported that maximum principal stress occurred along the dentine/adhesive resin interface in the bonding area during uniform tensile testing13). Interfacial failure might be promoted when critical stress acts in the formation (initiation and propagation) of cracks5, 14, 15) .
The present study examined shear bond strength and bonding area thickness by shear bond testing and bonding area hardness by nano-indentation testing, and attempted to determine theoretically a) the average strength value along the dentine/bonding interface in the bonding area, and b) the plastic deformation zone size based on elasticity and hardness values of the bonding area, using analytical calculation models. The bonding area was defined as the bonding site of adhesive resin for the copolymerization on the hybrid layer. This study examined current dentine bonding systems using respective resin composites. Based on shear bond testing and nano-indentation testing, calculation models and equations were proposed to estimate a) average stress along the dentine/adhesive resin interface (Fig.   1) ; and b) a plastic deformation zone size related to the elasticity-to-hardness ratio (E/HD) in the bonding area (Fig. 2) . Braem et al.18) reported that low-viscosity resin with about 104MPa was effective in preventing a separation of the dentine/resin interface. As Nakabayashi et al. in evaluating bond strength. We may predict fracture sites along the dentine/adhesive resin and adhesive resin/composite resin interfaces, if it is possible to determine fracture strength when average stress in the bonding area reaches to a certain level of yield stress. These models are effective in calculating the magnitudes of average stress and the plastic deformation zone in relation to fracture mechanisms in the bonding area. Then, the average stress in the bonding area can be determined as (2) where ƒÂV=1/3(•ã3/4d2)h, V=1/2(4/3ƒÎb3).
MATERIALS AND METHODS
A substitution of equations (1) and (3) A substitution of (4) into (6) leads to the formula to predict plastic deformation zone size, b/2a =K"(1 /1-v2)1/3 where K" is a constant value.
